
The Effect of Cardiac Troponin Testing on Clinical Care in a Veterans Population

A Randomized Controlled Trial

Michael Berkwits, MD,1 MSCE A. Russell Localio, JD, MS,2 Stephen E. Kimmel, MD, MSCE2,3

1Philadelphia VA Medical Center and the Division of General Internal Medicine, University of Pennsylvania Health System, Philadelphia,

PA, USA; 2Department of Biostatistics and Epidemiology, Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania,

Philadelphia, PA, USA; 3Cardiovascular Division, Department of Medicine, Hospital of the University of Pennsylvania, Philadelphia, PA, USA.

BACKGROUND: Cardiac troponin is more accurate than creatine kin-

ase (CK) testing for detecting myocardial injury in patients with acute

coronary syndromes (ACS), but its effects on clinical care compared

with CK testing alone is open to question.

OBJECTIVE: To test the effects of troponin I on medical decisions for

patients undergoing cardiac enzyme testing.

DESIGN: Randomized, controlled trial.

SETTING: Urban academic Veterans Affairs medical center.

PATIENTS: Three hundred ninety-two patients presenting to the

emergency department (ED) and outpatient settings with symptoms

and/or electrocardiograms suggestive but not diagnostic of ACS.

INTERVENTION: Random assignment to linked CK-troponin I (CKTnI)

testing or CK testing alone.

MEASUREMENTS: ED discharge and cardiac catheterization inci-

dence (primary); ED medication use, inpatient noninvasive testing, rev-

ascularization procedures, discharge medications, and 8-week ED

visits, hospitalizations, and procedures (secondary).

RESULTS: Groups were similar in all variables except history of heart

failure (CK 26.8% vs CKTnI 17.0%). ACS comprised 12.2% of the co-

hort. ED discharge incidence was greater in the CKTnI arm (18% vs

9.6%; relative risk [RR], 1.83; 95% CI, 1.08 to 3.31; P=.02; number

needed to test=12.6; 95% CI, 4.5 to 130). Troponin testing had no sig-

nificant effect on catheterization incidence (18.2% vs 14.5%; RR, 1.19;

95% CI, 0.72 to 1.92; P4.20) or other outcomes except follow-up echo-

cardiography (13.4% vs 7.4%; RR, 2.24; 95% CI, 1.11 to 4.69; P=.02).

CONCLUSIONS: In a veterans population undergoing cardiac enzyme

testing, CKTnI testing led to more ED discharges than CK testing alone

but had no effect on inpatient care and was associated with more echo-

cardiograms in a follow-up period.
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S erum cardiac troponin testing has become the standard

of care for detecting myocardial injury and stratifying risk

in patients with unstable angina and acute myocardial infarct-

ion (acute coronary syndromes; ACS),1–6 and one widely ac-

cepted set of guidelines suggests it should replace creatine

kinase (CK) testing altogether in this population.7 Because of

its superior performance in ACS patients, troponin testing has

been widely adopted for first-line use in all patients undergo-

ing cardiac enzyme testing, including those with and without

ACS presenting at different times after symptom onset with

and without classic symptoms and diagnostic electrocardio-

grams (ECGs). The evidence supporting this practice largely

comes from observational studies demonstrating that troponin

improves diagnostic and prognostic accuracy in patients with

chest pain when measured simultaneously with other cardiac

markers.8,9 However, systematic reviews of troponin testing in

emergency departments (ED) have documented the many gaps

in evidence supporting more general use of the test, including

a relative lack of evaluation in a wide patient spectrum and the

absence of studies demonstrating its effects on decisions and

outcomes compared to other markers.10,11 Decision and cost-

effectiveness models have suggested the test is best reserved

as a secondary diagnostic measure,12,13 and 2 randomized

controlled trials comparing linked CK-and-troponin testing to

CK testing alone differed in their conclusions regarding the

added value of troponin.14,15

Troponin’s test characteristics nevertheless make it at-

tractive in principle as a first-line test for use in at least some

patient populations who undergo cardiac enzyme testing.16

Veterans are one such population. They have a high prevalence

of coronary risk factors and frequent visits for symptoms sug-

gestive of ACS. They have comorbidities and exposures, such

as renal insufficiency and cocaine use, that contribute to both

heart disease and CK elevations and render CK testing alone

less useful for diagnosis. And they often present belatedly for

evaluation when measurement of troponin, which stays ele-

vated 72 hours or longer after the onset of myocardial injury,

would have particular utility.

For these reasons, we thought cardiac troponin testing

might be especially useful in a veterans population, and

sought to compare the effects of troponin and CK testing on

clinical care in the ED and inpatient setting of a veterans hos-

pital. We hypothesized that the addition of troponin I to CK and

CK-MB testing would increase discharges from the ED of pa-

tients at low risk for ACS, and would increase the proportion of

diagnostic catheterizations of patients admitted for evaluation

by detecting ACS missed by CK testing alone.

METHODS

Study Design

The study was a randomized controlled trial conducted at a

150-bed urban VA medical center in the mid-Atlantic United

States before troponin testing was routinely available for use

by providers. Patients with symptoms prompting providers to

order cardiac enzyme (CK/CK-MB) testing in the medical cen-

ter’s ED or other outpatient settings were randomly assigned

to undergo CK/CK-MB and troponin I testing, or CK/CK-MB

testing alone. Patients were enrolled between July 1999 and
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November 2000. Analyses include all endpoints occurring be-

tween July 1999 and January 2001.

Study Population

All patients presenting for care with symptoms prompting car-

diac enzyme testing in the medical center’s ED or other out-

patient settings were eligible for study inclusion. Patients were

excluded if they had: 1) diagnostic ECGs (defined as pathologic

Q waves, ST-segment elevations �2 mm, ST-segment depres-

sions �1 mm, or bundle-branch blocks, any of which were

thought to be acute and ischemic in origin); 2) acute or sus-

pected acute dysrhythmias (including syncope or suspected

implantable cardioverter defibrillator [ICD] or pacemaker mal-

function); 3) primary noncardiac reasons for ACS (such as

gastrointestinal hemorrhage) or admission (such as stroke) in

which acute ACS, if suspected, was thought to be a secondary

process; or 4) enzymes drawn to evaluate peripheral muscle

disorders. Patients with diagnostic ECGs were excluded on the

premise that cardiac marker testing would be expected to have

little effect on triage and catheterization decisions after ACS

was identified; patients with acute or suspected acute dys-

rhythmias were excluded on the premise that few would be

discharged home and most were likely to undergo procedures

(such as electrophysiologic testing) and treatments (such an-

tiarrhythmic drug therapy) different from patients with sus-

pected ACS. Patients were also excluded if they refused or were

unable to give consent, if they were previously enrolled in the

study, and for miscellaneous reasons (such as the immediate

transfer of nonveterans to private hospitals, patients cared for

by a study investigator, and eligible patients misclassified as

ineligible for study inclusion). Eligible consecutive patients

were enrolled 24 hours a day, 7 days a week, until the prede-

termined sample size was reached.

Randomization

The study’s allocation schedule was generated by study inves-

tigators using the RANNOR random number generator in SAS

version 6.12 (SAS Institute, Cary, NC). Anticipating differences

in ED provider decisions based on perceptions of likelihood of

disease, we initially stratified allocation into low- (o10%), in-

termediate- (10%–55%), and high- (455%) probability popu-

lations based on providers’ quantitative pretest estimates of

the probabilities of ACS. Patients were then randomized within

stratum and within ED provider in blocks of 4. Clinicians were

masked to the stratification thresholds and allocation sched-

ule throughout the study, and the individual assigning pa-

tients was masked to clinical details except those necessary to

determine patient eligibility. Allocation was centralized and

revealed only at the time of patient assignment.

Study Protocol and Intervention

Quantitative CK and troponin I testing were performed in the

central hospital laboratory on all study patients. Laboratory

personnel contacted a study coordinator upon receipt of spec-

imens, and the coordinator then ascertained patient eligibility

and estimated probability of ACS from ED providers by tele-

phone or in person. Patients meeting inclusion criteria and

granting written informed consent were enrolled and randomi-

zed to receive CK with troponin I (CKTnI) or CK testing alone by

the study coordinator. The term CK testing is used in this pa-

per to designate CK and CK-MB testing because by standard

laboratory protocol, MB mass was automatically performed for

CK values �150 IU/L. All patients underwent both CK and

troponin I testing regardless of allocation, but those randomi-

zed to CKTnI had both results and those undergoing CK testing

alone had only CK results released to providers by standard

protocol (i.e., via the hospital computer information system).

Both initial enzymes and serial enzymes ordered up to 24

hours after initial testing (if patients were hospitalized or had

prolonged ED stays) were included in study analyses. Only CK

information was released on serial specimens for CK-only pa-

tients; CKTnI patients reverted to CK-only status after 24

hours per standard hospital practice. Information on out-

comes was obtained by daily chart review and by a 60-day fol-

low-up interview by telephone or in person. Missing data were

obtained by patient record review.

All physicians, nurse practitioners, and physician assist-

ants working in the ED and inpatient units during the study

period participated and were masked to study hypotheses; ED

providers were masked to outcomes. No established protocols

or guidelines existed to guide provider decisions; standard ED

practice prior to the study was to admit all patients undergoing

enzyme testing to inpatient settings for at least 18 hours at the

time studies were first ordered, but providers were free during

the investigation to discharge patients to home or hospital with

single or multiple enzyme measurements with or without

troponin information as they saw fit.

Laboratory Assays

CK and MB mass were measured on an Axsym analyzer (Abb-

ott Laboratories, Abbott Park, IL). CK relative indices were cal-

culated by dividing the MB mass by the total CK and

multiplying by 100. Troponin I specimens were also run on

an Abbott Axsym analyzer (a first-generation troponin assay)

until manufacturer supply difficulties mandated a transfer of

testing platforms to a Beckman Access analyzer (a second-

generation troponin assay; Beckman Instruments, Chaska,

MN) in August 2000.17 Providers were informed of a change

in troponin reference ranges at the time of the transfer

but were masked to the reasons for the change. Nonele-

vated and elevated values were distinguished by biochemical

(not clinical) criteria defined by assay manufacturers and

detailed in the Appendix (available online).

Outcomes

Primary outcomes were early events, and secondary outcomes

were both early and delayed events. There were no composite

outcomes. Primary outcomes included ED discharge and in-

hospital cardiac catheterization (for patients who were admit-

ted). Patients designated as leaving the ED ‘‘against medical

advice’’ were considered hospitalized. The hospital had no for-

mal chest pain observation unit, and patients kept in the ED

for overnight observation due to lack of inpatient hospital beds

were also considered hospitalized. Cardiac catheterization was

chosen as a primary outcome because it is a frequent clinical

event and is an intermediate step between diagnostic testing

and interventions proven to reduce morbidity and mortality.

Early secondary outcomes included ED medication use;

inpatient use of imaging studies and revascularization proce-

dures; inpatient lengths of stay; hospital discharge medica-
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tions; and deaths. Delayed secondary outcomes comprised

events occurring in a 60-day period following the patient’s in-

dex ED visit, and included recurrent ED visits and hospitali-

zations for cardiovascular symptoms or diagnoses; invasive

and noninvasive cardiovascular testing; medication use; and

deaths. Follow-up use of health resources was ascertained by

patient interviews and confirmed by VA electronic medical

record review, including pharmacy database review for medi-

cation data. Follow-up use of non-VA resources was confirmed

by medical record documentation from outside providers and

facilities. Follow-up was considered ‘‘partial’’ when informa-

tion on VA resource use was available but reported non-VA re-

source use could not be confirmed; when patients could not be

contacted for interviews but had documentation of VA medical

visits in the follow-up period; or when follow-up information

existed for �30 days of the 60-day follow-up period. All avail-

able data from patients with partial follow-up were included in

study analyses.

Study personnel were not masked to cardiac enzyme re-

sults during assessment of primary and secondary early out-

comes, but outcome assessments relied on documents (such

as discharge instructions and catheterization reports) com-

pleted by clinical providers masked to study hypotheses.

Study personnel were masked to cardiac enzyme results dur-

ing assessment of secondary delayed outcomes.

All discharge diagnoses, including that of acute myocar-

dial infarction, were determined clinically by inpatient physi-

cians based on all clinical information available to them,

including but not limited to history and physical examination,

ECG, cardiac biomarkers, noninvasive and invasive testing,

and the patient’s clinical course.

Statistical Analysis

The study was designed to have 80% power to detect a 15%

absolute difference in catheterization rates among patients

thought to be at intermediate risk of ACS, based on a review

of data suggesting a baseline incidence of CK elevation of 20%

among ED patients evaluated for cardiac symptoms; CK data

were used because medical record systems did not allow iden-

tification of the subset of patients undergoing catheterization

who were hospitalized from the ED. Discordance of CK and

troponin testing was tested using McNemar’s test for binomial

proportions for matched-pair data. Relative risk of ED out-

comes was estimated from the odds ratio and baseline risk of

logistic regression, where baseline risk represented the risk of

outcomes for patients without history of heart failure under-

going CK testing alone. Confidence intervals for the relative

risk were estimated by nonparametric bootstrap resampling of

the logistic regression. Bootstrap resampling was performed at

the ED provider level to account for possible clustering of pa-

tient outcomes within ED provider. Regression analyses of ED

outcomes included variables for study assignment, patient

history of heart failure (because of the significant baseline dif-

ference between groups in this variable), and provider (all cat-

egorical variables). Relative risk of inpatient outcomes was

estimated similarly, though there was no clustering of patients

by provider in the inpatient setting, and provider was therefore

not adjusted for in analyses. Estimates of number needed to

test (NNT) were estimated from the baseline event risk in the

CK group and the adjusted event risk in the CKTnI group was

computed from the adjusted relative risk. Confidence intervals

for the NNT were estimated from the same baseline and ad-

justed relative risk. Relative risk and incidence rate ratios

based on 60 days of follow-up were calculated using logistic

and Poisson regression analysis, respectively, adjusting for

study assignment, ED discharge, and baseline differences

(each categorical), where baseline incidence represented inci-

dence of outcome for hospitalized patients without history of

heart failure undergoing CK testing alone. In a decision made

after patient enrollment but prior to data analysis, patients

were pooled from pretest probability randomization strata be-

cause small patient numbers in the low- and high-probability

strata precluded meaningful analyses by stratum. All analyses

were intention-to-test and were performed using Stata version

6.0 (Stata Corporation, College Station, TX).

Funding and Review

Study funding was provided by the Department of Veteran Af-

fairs VISN 4 Competitive Pilot Project Fund and the University

of Pennsylvania University Research Foundation. The funding

organizations played no role in the study’s design, analysis,

interpretation of study analyses, or in the decision to publish.

The study was approved by the Institutional Review Boards of

the Philadelphia VA Medical Center and the University of Penn-

sylvania.

RESULTS

The trial profile is detailed in Figure 1 and characteristics of

the 392 participants are detailed in Table 1. Patients under-

going CK testing alone were more likely to have a history

of heart failure but subjects were otherwise not statistically

significantly different. Overall incidence of renal insufficiency

was 15.3%; overall incidence of cocaine use was 11.5%.

Median time of presentation after symptom onset was 24

hours for the cohort (interquartile range, 4 to 96). Eleven pa-

60 Day Follow-Up
164 complete (2 deaths)

15 partial (0 known deaths)
17 lost (1 known death)

Hospital Follow-Up
0 losses
2 deaths

198 CK Only
13 CK + Troponin

60 Day Follow-Up
166 complete (0 deaths)

14 partial (1 known death)
12 lost (2 known deaths)

Hospital Folow-up
0 losses
2 deaths

194 CK and Troponin
14 CK Only

392 Randomized

452 Exclusions*
150 Dysrhythmias 42 Refused Consent 31 Miscellaneous
102 Non-cardiac processes 38 Peripheral Muscle 3 Unknown
  54 Previously enrolled 32 Diagnostic ECG

799 Assessed for Eligibility

FIGURE 1. Trial profile. �Forty-five patients excluded for 2 reasons.
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tients (6 in the CK, 5 in the CK-TnI arm) left the ED against

medical advice. Study patients were evaluated and enrolled by

35 ED providers, including 3 general internists (177 patients,

range 33–77), 21 internal medicine–trained fellows at post-

graduate year 4 level of training or higher (112 patients, range

1–12), 1 physician assistant (83 patients), one family practice–

trained, ED-boarded physician (18 patients), and 1 nurse

practitioner (8 patients); 8 providers were excluded from study

Table 1. Baseline Characteristics of the 392 Study Participants

Characteristic CK (n=198) CKTnI (n=194) P Value

Median age, y (range) 62 (30–90) 57 (25–89) .32
Sex, n (%)

Male 192 (97.0) 185 (95.4) .41
Female 6 (3.0) 9 (4.6)

Race,� n (%)
Black 118 (61.8) 129 (67.2) .43
White 65 (34.0) 53 (27.6)
Hispanic 8 (4.2) 9 (4.7)
Other 0 (0.0) 1 (0.5)

Coronary risk factorsw

Risk factors, median (range) 2 (0–4) 2 (0–4) .43
Hypertension, n (%) 143 (72.2) 148 (76.3) .36
Tobacco, n (%) .25

Current 91 (47.6) 75 (39.3)
Former 68 (35.6) 77 (40.3)
Never 32 (16.8) 39 (20.4)

Diabetes mellitus, n (%) 63 (31.8) 71 (36.6) .32
Hyperlipidemia, n (%) 70 (35.4) 80 (41.2) .23

Coronary and AS history
Prior CAD, n (%) 106 (53.5) 111 (57.2) .46
Coronary procedures, n (%) 41 (20.7) 38 (19.6) .78
CVA, n (%) 27 (13.6) 30 (15.5) .61
PAD, n (%) 14 (7.1) 22 (11.3) .14

Heart failure 53 (26.8) 33 (17.0) .02
Medications, n (%)

Aspirin 99 (50.0) 115 (59.3) .07
Beta-blockers 63 (35.1) 68 (31.8) .50
ACE inhibitors 70 (35.4) 65 (33.5) .70
Nitrates 73 (36.9) 67 (34.5) .63
Diuretics 77 (38.9) 75 (38.7) .96
CA-channel blockers 50 (25.3) 57 (29.4) .36
Lipid-lowering agents 54 (27.3) 57 (29.4) .64

Comorbidities
Pulmonary disease, n (%) 34 (17.2) 35 (18.0) .82
Renal insufficiency, n (%) 31 (15.7) 29 (14.9) .85
Cocaine use .60

Current 24 (12.1) 21 (10.8)
Former 18 (9.1) 13 (6.7)

Vital signs, median (range)
SBP 140 (64–238) 141 (75–218) .61
DBP 78 (36–154) 80 (15–148) .95
HR 83.5 (22–170) 78 (18–145) .06
RR 20 (12–85) 18 (12–68) .77

ECG findings (2 or more contiguous leads, n (%)
T wave inversions or pseudonormalization 66 (33.7) 65 (33.5) .97
Nonspecific ST-segment changes 40 (20.4) 31 (16.0) .26
LVH/repolarization 21 (10.7) 29 (14.9) .21
Bundle-branch block 21 (10.7) 24 (12.4) .61
ST-segment depressions o1 mm 15 (7.7) 15 (7.7) .98
Poor R-wave progression 12 (6.2) 12 (6.1) .98
Old infarction 5 (2.6) 10 (5.2) .18

Primary presenting symptom, n (%)
Chest pain or equivalent 152 (76.8) 156 (80.4) .66
Dyspnea 34 (17.2) 29 (15.0)
Otherz 12 (6.1) 9 (4.6)

Time from symptom onset (median hours [IQR]) 21 [4, 96] 24 [3, 72] .21

�Data missing for 9 patients (7 CK, 2 CKTnI).
wRisk factors: hypertension, diabetes mellitus, hyperlipidemia, and tobacco use.
zOther symptoms: abdominal pain, diaphoresis, dizziness, fatigue or weakness, incidental ECG findings, lower extremity edema, mental status chang-

es, nausea and vomiting, palpitations.

CK, creatine kinase; CKTnI, CK and troponin I; AS, atherosclerosis; CAD, coronary artery disease; CVA, cerebrovascular accident; PAD, peripheral

arterial disease; ACE, angiotensin converting enzyme; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; RR, respiratory rate;

ECG, electrocardiogram; LVH, left ventricular hypertrophy; IQR, interquartile range.
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analyses because they did not enroll at least 1 patient in both

study arms and thus provided no meaningful information in

analyses by study assignment. Regression analyses of ED out-

comes with and without stratification by provider were equiv-

alent, ruling out confounding by provider.

Laboratory Data

A mean of 2.66 ( � SD, 0.94; range 1–5) serial enzyme tests per

patient were ordered to evaluate symptoms. Lab results are

presented in Table 2. The median initial and peak serial value

for CK and troponin in the study were negative or borderline

negative. Only 30 patients, or 7.7%, had abnormal CKs with

elevated relative indices on presentation, and only 5 additional

patients had CK with MB and relative index elevations on

subsequent serial testing. By contrast, 66 patients, or

34.0%, had troponin I elevations at presentation, and an ad-

ditional 25 (91 total patients, or 46.9%) had abnormal tropo-

nin values on subsequent testing. Only 13 (6.7%) had any

elevation to acute myocardial infarction (AMI) levels as defined

by assay manufacturers (See Appendix, available online).

These percentages were similar when troponin values per-

formed but not released for the CK-only arm were included

in analyses. CK testing appeared to detect more myocardial

infarctions than troponin testing, but only 11 patients in this

group were given the clinical diagnosis of ACS (2.8% of all en-

rolled patients, 22.9% of patients with ACS).

Mild (non-AMI) troponin I elevations accompanied normal

CK values in about one third of patients; significantly more

patients had troponin I elevations with normal CK levels than

had CK elevations with normal troponin I levels (see Tables

3A1–3B2; Po.001 for all groups). Of the 7 CKTnI patients who

had elevated peak CKs with normal troponin values (Table

3A2), 2 had normal CKs that were nevertheless above the lab-

oratory threshold for measuring CK-MB mass, 3 had modest

CK elevations (between 220 and 370 IU/L) not thought to be

cardiac in origin, and 2 had substantial elevations (4800 IU/

L) following cocaine and alcohol exposures. None was given the

diagnosis of ACS. Of the additional 7 patients in the CK arm

who had elevated peak CKs but whose normal troponin values

were not released to providers (Table 3B2), 4 had normal CKs

that were nevertheless above the laboratory threshold for

measuring MB mass, 1 had a modest CK elevation

(CK=203 IU/L) in the presence of heart failure, 1 had a

more substantial elevation (CK=475) thought by inpatient

providers to be ischemic and by outpatient attendings to

be nonischemic in origin, and 1 had a modest elevation

(CK=239) accompanying non-ST-segment-elevation myocar-

dial infarction.

Clinical Spectrum

Clinical discharge diagnoses (those given on discharge from

the ED or inpatient setting and incorporating but not

based exclusively on laboratory data) are detailed in Table 4.

Just over half of all patients were given the nonspecific diag-

nosis of ‘‘chest pain’’ or ‘‘chest pain, rule out myocardial inf-

arction.’’ ‘‘Heart failure’’ was the second most common

diagnosis, occurring in 15% of all participants, followed by

unstable angina and myocardial infarction, diagnosed in 12%

overall. The remaining patients had a variety of other diag-

noses related to cardiovascular, pulmonary, and noncardiac

systems. There were no differences in any category of diagno-

sis by study arm.

Outcomes

ED outcomes are listed in Table 5. A majority of patients (86%)

were hospitalized, but CKTnI testing led to significantly

more ED discharges than CK testing alone (adjusted relative

risk for discharge with troponin, 1.83; 95% CI, 1.08 to 3.31;

P=.02; number needed to test=12.6; 95% CI, 4.5 to 130).

Troponin testing had no apparent effect on other ED decisions.

Patients in each study arm received equal proportions of car-

diac and noncardiac medications, including aspirin and beta-

blockers, except those with histories of heart failure were more

likely to receive diuretics and less likely to receive aspirin

and nitrates acutely (data not shown). In subgroup analyses,

Table 2. Distribution of Lab Values�

CK (IU/L)
(n=392)

MBw (ng/dL)
(n=197)

RIw (MB %)
(n=197)

Troponin I (ng/mL)

All Patientsz CKTnI Only
(N=392) (n=194)

Initial, median (range) 152 (11–4488) 3.2 (0.6–77.3) 1.2 (0.1–12.3) 0.0 (0–202)‰ 0.0 (0–202)‰

0.0 (0–5.7)k 0.0 (0–0.13)k

Peak, median (range) 158.5 (12–4488) 3.3 (0.5–177.7) 1.4 (0.1–22.4) 0.3 (0–202)‰ 0.4 (0–202)‰

0.03 (0–5.7)k 0.03 (0–0.76)k

Patients with elevation, n (%)
Initial

Any – – NA 132 (34.8) 66 (34.0)
AMI criteria – – 30 (7.7)z 12 (3.2) 5 (2.6)

Peak
Any – – NA 184 (46.9) 91 (46.9)
AMI criteria – – 35 (8.9)z 30 (7.7) 13 (6.7)

�See online-only Appendix for definitions of normal and abnormal values.
wData for patients with CK elevations (CK 4150 IU/L) only.
zData include both unmasked troponin results from CKTnI arm and masked troponin results from CK-only arm.
‰Abbott Axsym troponin assay (298 patients).
kBeckman Access troponin assay (94 patients).
zAMI criteria for CK: RI 42.5 when MB mass 43.8 and CK �150; %=percentage of all participants (N=392).
CK, creatine kinase; RI, relative index; TnI, troponin I; AMI, acute myocardial infarction; NA, not applicable.
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all patients with an initially elevated CK relative index

were hospitalized, but initial troponin elevations did not inde-

pendently predict hospitalization, perhaps because only

5 patients in the CKTnI arm had initial troponin values in

the AMI range.

Among patients hospitalized for their symptoms, CKTnI

testing had no detectable effect on cardiac catheterization,

revascularization, diagnostic testing, intensive care unit and

hospital lengths-of-stay, discharge medications (except tropo-

nin patients were more likely to receive H2-blockers), or inpa-

tient mortality (Table 6). However, in subgroup analyses,

elevated peak troponin values were associated with catheter-

ization (OR, 1.75; 95% CI, 0.94 to 3.25; P=.08) and rev-

ascularization (OR, 3.0; 95% CI, 1.30 to 6.91; P=.01).

Follow-up Outcomes

Sixty-day follow-up was complete for 85% of all patients dis-

charged alive, and complete or partial for 93% (Fig. 1). Eight-

een percent had 1 or more repeat ED visits and 16% had 1 or

more hospitalizations for acute cardiovascular complaints or

conditions following release from their index ED visit and hos-

pitalization. In multivariable analyses (Table 7), neither tropo-

nin testing (incidence rate ratio [IRR], 1.54; 95% CI, 0.94 to

2.54; P=.09) nor discharge from the ED (IRR, 1.21; 95% CI,

0.61 to 2.38; P4.20) was associated with subsequent cardiac

hospitalization or ED use, but heart failure history was strong-

Table 3. Comparison of CK and Troponin I Data in CKTnI (n=194)
and All Patients (N=379)�wz

A1. Initial CK-Troponin Values (n [%]): CKTnI Only

Troponin

� 1 11

CK
Negative 108 (56.8) 63 (33.2) 3 (1.6) 174
Positive 9 (4.7) 5 (2.6) 2 (1.1) 16

117 68 5 190‰

A2. Peak CK-Troponin Values (n [%]): CKTnI Only

Troponin

� 1 11

CK
Negative 96 (50.0) 71 (36.6) 9 (4.6) 176
Positive 7 (4.1) 7 (3.6) 4 (2.1) 18

103 78 13 194

B1. Initial CK-Troponin (n [%]): All Patientsz

Troponin

� 1 11

CK
Negative 219 (57.8) 126 (33.2) 7 (1.8) 352
Positive 14 (3.7) 8 (2.1) 5 (1.3) 27

233 134 12 379k

B2. Peak CK-Troponin Values (n [%]): All Patientsz

Troponin

� 1 11

CK
Negative 194 (49.2) 144 (37.0) 19 (6.1) 357
Positive 14 (3.8) 10 (2.3) 11 (1.5) 35

208 154 30 392

�Criteria for elevation defined by hospital laboratory (CK) and assay

manufacturer (troponin I). See online-only Appendix for definitions of

cardiac marker elevations.
wSum percents may differ slightly from 100 due to rounding.
zPo.001for discordant pairs in all tables.
‰Four missing values for initial released troponins.
kThirteen missing values for all initial troponins.
zIncludes masked troponin I data from CK-only arm.
� =negative.
1=elevated, nonmyocardial infarction.
11=elevated, acute myocardial infarction.
CK, creatine kinase; CKTnI, CK and troponin I.

Table 4. Discharge Diagnoses�

Discharge Diagnoses CK (n=198)
(%)

CKTnI (n=194)
(%)

Total (N=392)
(%)

Chest pain 111 (56.1) 97 (50.5) 208 (53.3)
Heart failure 26 (13.1) 33 (17.2) 58 (15.1)
Acute coronary

syndromes
24 (10.1) 24 (14.4) 48 (12.2)

Unstable angina 9 (4.5) 6 (3.1) 15 (3.8)
Myocardial

infarction
15 (7.6) 18 (9.3) 33 (8.4)

Pulmonary 6 (3.0) 10 (5.2) 16 (4.1)
Other cardiac 9 (4.5) 6 (3.1) 15 (3.8)
Miscellaneous

noncardiac
7 (3.6) 8 (4.0) 15 (3.8)

Gastrointestinal 4 (2.0) 5 (2.6) 9 (2.3)
Neuropsychiatric 4 (2.0) 3 (1.6) 7 (1.8)
Hypertensive urgency 3 (1.5) 2 (1.0) 5 (1.3)
Valvulopathy 4 (2.0) 1 (0.05) 5 (1.3)
Arrhythmias 4 (2.0) 1 (0.05) 5 (1.3)

�Primary discharge diagnosis made by emergency department or inpa-

tient physicians at patient discharge, incorporating but not defined ex-

clusively by laboratory data.
CK, creatine kinase; CKTnI, CK and troponin I.

Table 5. Emergency Department Measures and Outcomes

CK
(n=198)

(%)

CK and
Troponin I

(n=194) (%)

Relative Risk�

[95% CI]
P Value

Discharges 19 (9.6) 35 (18.0) 1.83 [1.08 to 3.31] .02
Medications

Aspirin 138 (69.7) 135 (69.6) 0.98 [0.90 to 1.10] 4.20
Nitrates 94 (47.7) 90 (46.6) 0.95 [0.84 to 1.23] 4.20
Diuretics 32 (16.2) 31 (16.1) 1.20 [0.77 to 1.90] 4.20
Beta-blockers 30 (15.2) 27 (13.9) 0.90 [0.58 to 2.23] 4.20
Heparin 21 (10.7) 20 (10.4) 0.91 [0.66 to 2.07] 4.20
Morphine
sulfate

15 (7.6) 15 (7.8) 0.95 [0.58 to 1.97] 4.20

H2B 8 (4.1) 11 (5.7) 1.31 [0.44 to 3.71] 4.20
Antibiotics 5 (2.5) 5 (2.6) 1.07 [0.34 to 2.08] 4.20
ACE inhibitor 3 (1.5) 3 (1.6) 0.90 [0.24 to 3.49] 4.20
PPI 1 (0.5) 1 (0.5) 0.90 [0.28 to 3.34] 4.20

�Adjusted for heart failure history using logistic regression; relative risks

and confidence intervals estimated by nonparametric bootstrap resam-

pling assuming baseline risk for patients without heart failure undergo-

ing CK testing alone. See Methods section for details.
CK, creatine kinase; H2B, histamine-2 receptor blockers; ACE, angio-

tensin converting enzyme; PPI, proton pump inhibitor.
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ly predictive of the need for ED (IRR, 2.61; 95% CI, 1.63 to

4.18; Po.001) and inpatient follow-up care (IRR, 3.29; 95% CI,

2.01 to 5.38; Po.001). The marginally significant higher inci-

dence of hospitalization among the troponin group was a par-

tial result of a single troponin-exposed patient hospitalized 4

times after VA discharge for cardiovascular complaints related

to cocaine use; removal of this patient from analyses resulted

in a nonsignificant estimate (IRR with exclusion, 1.36; 95% CI,

0.82 to 2.27; P4.20). Patients who underwent troponin and

CK testing had significantly more echocardiograms in follow-

up than those who had CK testing alone, independent of early

ED discharge of heart failure. Troponin testing had no other

detectable effect on use of cardiac procedures, medication use,

or mortality at 8 weeks.

DISCUSSION

A wealth of evidence demonstrates that cardiac troponin is

more accurate than creatine kinase testing for detecting myo-

cardial injury and stratifying risk in patients with acute cor-

onary syndromes.1–6 However, data on troponin’s effects on

actual clinical care compared to CK testing alone in a hetero-

geneous patient population (including patients with and with-

out acute cardiac disease presenting at different times in their

illnesses with and without classic symptoms and diagnostic

ECGs) are limited. In one such population, we found that

combined CK and troponin I (CKTnI) testing led to more ED

discharges than CK testing alone. We did not detect any dif-

ference in adverse events over 60 days as a result of the greater

number of ED discharges, though our study was not powered

to detect delayed outcomes. CKTnI testing appeared to have

little or no effect on inpatient care, including decisions to

recommend diagnostic catheterization or revascularization,

but was associated with more noninvasive testing in a

follow-up period. A subgroup of hospitalized patients with el-

evated peak troponin levels underwent more revascularization

procedures.

Our findings differ from those of two other similar trials

reported in the literature. The first, a study of chest pain pa-

tients presenting within 12 hours of symptom onset to a Ca-

nadian ED, failed to detect any effect of linked myoglobin-CK-

troponin I testing over CK testing alone on admission rates and

other outcomes.14 The second trial of linked CK-troponin T

testing also did not demonstrate any overall effect of troponin

at an ED level but reported a reduction in hospital length of

stay and total charges.15 Limited methodological details in

both studies precluded detailed comparison of study designs

and full interpretation of results. At least two characteristics of

our study population may account for differences in results

between these trials and our own. First, despite high preva-

lences of coronary risk factors, our study cohort was at rela-

tively low risk for ACS, as evidenced by mostly normal or

elevated non-AMI troponin levels. Second, patients in the

study presented for care unusually late, a median of 24 hours

after symptom onset. The high specificity and prolonged ele-

vation of troponin make it an ideal technology for excluding

myocardial injury under these conditions.11

Troponin testing appeared to have no effect on inpatient

resource use or clinical events. While the reasons for this can-

not be inferred from our data, we speculate that providers fol-

lowed formal or informal algorithms of care that were relatively

insensitive to serial cardiac marker testing once patients were

hospitalized to ‘‘rule out myocardial infarction.’’ Also, troponin

testing may have influenced catheterization rates most in hos-

pitals which adopted the test shortly after its introduction, and

not in hospitals like ours which waited years before making the

test available for clinical practice.18 Of note, the true overall

catheterization rate of 14% in this trial was lower than the base

Table 6. Inpatient Measures and Outcomes

CK (n=179) (%) CK and Troponin I (n=159) (%) Relative Risk� [95% CI] P Value

Procedures
Catheterization 26 (14.5) 29 (18.2) 1.19 [0.72 to 1.92] 4.20
PCI 6 (3.4) 9 (5.7) 1.56 [0.51 to 5.50] 4.20
CABG 2 (1.1) 5 (3.1) 2.72 [0.49 to 9.18] 4.20
PCI or CABG 8 (4.5) 13 (8.8) 1.84 [0.75 to 5.66] .15

Diagnostic tests
Echocardiograms 58 (32.4%) 57 (35.8%) 1.12 [0.83 to 1.56] 4.20
Functional studiesw 53 (29.6%) 48 (30.2%) 0.99 [0.71 to 1.37] 4.20

Lengths of stay, median (IQR)
ICU/telemetry 1 [1,3] 2 [1,3] – 4.20
Hospital 0 [0,2] 0 [0,2] – 4.20
Total 2 [1,5] 2 [1,5] – 4.20

Discharge medications, n (%)
Aspirin 132 (73.7) 111 (69.8) 0.95 [0.83 to 1.10] 4.20
Beta-blockers 85 (47.5) 74 (46.5) 1.00 [0.78 to 1.25] 4.20
Nitrates 67 (37.4) 53 (33.3) 0.93 [0.67 to 1.27] 4.20
Diuretics 82 (45.8) 60 (37.7) 0.87 [0.63 to 1.22] 4.20
ACE inhibitors 76 (42.1) 67 (42.5) 1.06 [0.79 to 1.44] 4.20
CA-channel blockers 37 (20.7) 42 (26.4) 1.36 [0.93 to 2.08] .14
Lipid-lowering agents 64 (34.0) 54 (35.7) 0.97 [0.71 to 1.31] 4.20
H2-blockers 18 (10.1) 28 (17.6) 1.80 [1.02 to 3.45] .04

Deaths, n (%) 2 (1.1) 2 (1.2) 1.01 [0.23 to 4.39] 4.20

�Adjusted for heart failure history using logistic regression; relative risks and confidence intervals estimated by nonparametric bootstrap resampling

assuming baseline risk for patients without heart failure undergoing CK testing alone. See Methods section for details.
wFunctional studies: exercise treadmill, exercise radionuclide, pharmacologic radionuclide, and pharmacologic echocardiographic testing.
CK, creatine kinase; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; IQR, interquartile range; ICU, intensive care unit;

ACE, angiotensin converting enzyme; CA, calcium.
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rate of 20% we used to calculate our sample size, and we could

not exclude a 2-fold difference in this outcome. We incidentally

noted a greater incidence of H2-blocker prescriptions on hos-

pital discharge for CK-troponin patients, suggesting that low

troponin values increased physicians’ confidence that pa-

tients’ symptoms were attributable to noncardiac causes.

But we had not hypothesized this effect prior to the study,

and it may represent a chance finding.

Patients who initially underwent troponin testing also un-

derwent more echocardiography in a 60-day period following

ED or hospital discharge, an effect that existed independent of

early ED discharge and history of heart failure. This may also

represent a chance finding, but could reflect an effort by phy-

sicians confronting normal CK and mildly elevated troponin

levels to gather more information on an outpatient basis about

patients’ hearts after ACS has been excluded.

There were no other detectable long-term effects of test-

ing; the marginally significant higher incidence of hospitaliza-

tion for cardiovascular causes among the troponin group was

explained by a single troponin-exposed patient hospitalized 4

times after VA discharge for complaints related to cocaine use.

This study has several limitations. First, it was a ran-

domized trial of diagnostic test information rather than of clin-

ical management. Information alone is often insufficient to

change physician decisions and behavior, and a study that

linked test information with guidelines for management might

be a more effective way to improve resource use and health

outcomes,19 or at least to study the role of a diagnostic test in

influencing those outcomes.20 Troponin testing was not previ-

ously used at our study site, and physicians who may not have

been familiar with its use may have been less sensitive to using

troponin information in their clinical decisions. Most study

physicians practiced at teaching hospitals where troponin

was widely used, however, and all were aware it was a cardiac

marker that provided information complementary to CK

testing.

Our study may have been undersized to detect a true effect of

troponin testing on cardiac catheterization. In addition, tropo-

nin testing has been shown to be especially useful for strati-

fying patients into those who could benefit from interventions

such as low–molecular weight heparin and GPIIa/IIIb inhibi-

tors.4–7 These were not widely available or used at the study

hospital during the majority of this study, and it is possible

that in settings where these are standard interventions, tro-

ponin could be shown to influence clinical care and outcomes

in different or additional ways.

Discharge diagnoses were made based on all clinical in-

formation available to the study’s inpatient physicians and

were not independently verified. It is not possible using this

approach to answer the question of whether the addition of

troponin to CK testing decreased missed diagnoses of acute

myocardial infarction, but biochemical data suggest the test

increased sensitivity while decreasing specificity for detecting

heart conditions, including acute myocardial infarction. Up to

40% of patients had troponin values in an ‘‘elevated non-AMI’’

category defined by the assay manufacturers, 490% of whom

were given a diagnosis other than ACS (online-only Appendix).

Troponin elevations in patients without ACS are most often

attributable to nonischemic cardiovascular conditions and re-

nal insufficiency, which delays clearance of the enzyme; we

attribute most of the elevated non-AMI values in our study to

nonischemic heart failure, renal insufficiency, hypertension,

and/or assay measurement error in our initial (first-genera-

tion) troponin assay.21 Elevated values in patients without

ACS probably reflect subclinical myocardial damage and are

predictive of worse cardiovascular prognosis regardless of

troponin level or clinical diagnosis.2,22

Finally, the question of generalizability always accompa-

nies a study of veterans, given substantial differences between

VA and other health systems in patient population, hospital

reimbursement, and health service organization. Though an

overall late presentation after symptom onset highlights im-

Table 7. Outcomes at 60 Days

CK (n=196) CK and Troponin I (n=192) Incidence Rate Ratio� [95% CI] P Value

ED visits, median (range) 0 (0–2) 0 (0–4) 1.28 [0.80 to 2.05] 4.20
Hospitalizations, median (range) 0 (0–2) 0 (0–4) 1.54 [0.94 to 2.54] .09

Relative Risk� [95% CI]

Diagnostic tests
Echocardiograms 13 (7.4) 24 (13.4) 2.24 [1.11 to 4.69] .02
Functional studies 13 (8.0) 22 (12.3) 1.67 [0.84 to 3.87] .12

Procedures
Catheterization 9 (5.1) 12 (6.7) 1.42 [0.56 to 3.87] 4.20
PCI 2 (1.1) 1 (0.6) 0.49 [0.21 to 2.80] 4.20
CABG – – – –

Medications
Aspirin 148 (75.5) 143 (74.5) 1.00 [0.88 to 1.83] 4.20
Beta-blockers 102 (52.0) 105 (54.7) 1.05 [0.87 to 1.27] 4.20
Nitrates 90 (45.9) 80 (41.7) 0.92 [0.71 to 1.16] 4.20
Diuretics 113 (57.7) 96 (50.0) 0.88 [0.67 to 1.14] 4.20
ACE inhibitors 103 (52.6) 94 (49.0) 0.95 [0.76 to 1.89] 4.20
CA-channel blockers 72 (36.7) 72 (37.5) 1.02 [0.77 to 1.30] 4.20
Statins 84 (42.9) 86 (44.8) 1.04 [0.81 to 1.33] 4.20

Deaths 3 (1.7) 3 (1.6) 0.98 [0.21 to 4.87] 4.20

�Adjusted for heart failure history and ED discharge using logistic regression; relative risks and confidence intervals estimated by nonparametric boot-

strap resampling assuming baseline risk for hospitalized patients without heart failure undergoing CK testing alone. See Methods section for details.
CK, creatine kinase; ED, emergency department; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; IQR, interquartile

range; ICU, intensive care unit; ACE, angiotensin converting enzyme.
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portant differences between veterans and nonveteran popula-

tions typically represented in studies of ACS interventions, we

nevertheless believe our study is generalizable to nonveteran

populations for several reasons: the incidence of acute coro-

nary syndromes was similar to that in other studies10; a sub-

stantial minority of patients in non-VA health systems present

belatedly for evaluation23; and our ED-level findings remained

significant even though differences in health systems, such as

the lack of disincentives to admission in VA relative to non-VA

settings, would have eliminated difference between groups if

they were important. The prevalence of cocaine use is similar

to values previously reported24 and does not compromise gen-

eralizability of the study.

In summary, these findings support the dual use of CK

and troponin testing as an effective technology for evaluating

outpatient veterans who present belatedly with symptoms con-

cerning for ACS. The data do not suggest that troponin testing

can or should be used exclusively for triage decisions, or that

nonelevated levels always predict safe patient discharges. De-

spite widespread acceptance of troponin testing as a criterion

diagnostic standard, there remains a role for randomized trials

to determine whether alone it is as effective an aid for ED triage

decisions as CK testing with and without troponin, and wheth-

er troponin testing in inpatient settings can be shown to im-

prove patient management with the adoption of guidelines

linking management decisions to test results, or with the adop-

tion of newer therapies indicated in the presence of abnormal

cardiac enzyme levels.

We are indebted to the following people, without whom this
study would not have been possible: Erica A. Dale, BA; William
A. Engelman, BA; Rosemary Mililli, MT (ASCP); Jesse Chittams,
MSc; Richard Landis, PhD; David Asch, MD, MBA; Joy Porter,
PhD and all Philadelphia VA Medical Center biochemistry lab
technicians and ED nurses; and Emily Cheng, MD; Gurudutt
Kulkarni, MD; Pola de la Torre, MD; Karen Sharrar, MD; Caroline
Milne, MD; and Ron Whetstone, PA.
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